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INTRODUCTION

Structural differences between orthosilicate humites and oli-
vine can be defined in terms of two substitutions: 4O ́  (F,OH)
and Si ´ ■■ (vacancy), which are expressed by the formula
M2ySiy–1O4y–4(F,OH)4, where y = 3, 5, 7, 9 for norbergite,
chondrodite, humite and clinohumite, respectively (Ribbe
1980). In view of their close structural similarity, it is not sur-
prising that the water content of some hydrated olivines is due
to the presence of humite-like monolayers intergrown with oli-
vine on a sub-microscopic scale (Kitamura et al. 1987; Risold
et al. 2001). This suggests that the hydrogen atom environ-
ment in humites can provide useful insights into the local en-
vironment of OH defects in olivine. Humites may also be important
phases involved in the storage, transport, and recycling of water in
the mantle. Recent experimental work on the MgO-SiO2-H2O sys-
tem suggests that clinohumite could transport water into the tran-
sition zone (400 km)(Stalder and Ulmer 2001). A number of recent
studies have discussed the significance of structurally bound water
with respect to the rheological properties of the mantle (Hirth and
Kohlstedt 1996; Williams and Hemley 2001).

The behavior of hydrous phases under mantle conditions is
intimately linked to the nature of the hydrogen bond. For ex-
ample, changes in the hydrogen bonding at pressure can affect
both the compressibility and stability of hydrous minerals, such
as lawsonite [CaAl2Si2O7(OH)2·H2O] (Boffa Ballaran and An-
gel 2003; Pawley and Allan 2001; Daniel et al. 2000; Scott and
Williams 1999) and brucite [Mg(OH)2] (Shinoda et al. 2002;
Duffy et al. 1995a, 1995b; Catti et al. 1995; Parise et al. 1994).

In the absence of crystallographic data, the strengthening
or weakening of hydrogen bonds is usually estimated based on
the frequency shifts in OH-stretching modes. Negative shifts,
i.e., a decrease in the OH vibrational frequency with pressure,
imply a strengthening of hydrogen bonds at high pressure. By
analogy, positive shifts are associated with a weakening of the

hydrogen bond. Note that the same effect would be observed if
the O-H bond is compressed in structures where hydrogen bond-
ing is very weak or absent. However, additional evidence from
either experiment or theory is required to support this idea. In
most hydrous phases, the strength of hydrogen bonds increases
with pressure as O…O distances shorten.

In the case of humites, all OH bands in OH-clinohumite
and OH-chondrodite shift to higher frequencies with pressure,
based on Raman spectroscopic studies to ~40 GPa (Lin et al.
1999, 2000). The OH-clinohumite spectra also revealed a mode
softening of one of the OH bands at ~13 GPa, which could be
related to variations in the hydrogen bonding at pressure. This
band splits into two bands at ~18 GPa. One of these bands
shows positive pressure dependence whereas the other displays
a negative dependence. Both positive and negative pressure
dependencies have been observed for the OH vibrations in an
IR study of an F-bearing chondrodite (Williams 1992). In con-
trast, a Raman study of an F-bearing chondrodite of similar
composition showed only positive OH shifts, which were at-
tributed to a lengthening of hydrogen bonds at pressure (Lin et
al. 1999). However, this conclusion is not consistent with a
recent high-pressure neutron powder study of F-bearing
chondrodite (Friedrich et al. 2002). Interpretation of the spec-
troscopic data is difficult because: (1) the pressure dependence
of the hydrogen-atom positions in the OH end-members has
not been determined; and (2) humites are characterized by dis-
ordered hydrogen bond systems (Fig. 1). In OH-clinohumite
and OH-chondrodite, the hydrogen atoms (H1 and H2) are sta-
tistically disordered over two sites (50% occupancy). Hydro-
gen bond distances range from 2.01 to 2.58 Å in
OH-clinohumite and from 1.968 to 2.489 Å in OH-chondrodite
(Berry and James 2001; Lager et al. 2001). The shortest hydro-
gen bond is formed between H1 and the pair of centrosymmet-
ric O atoms, i.e., O9 in clinohumite or O5 in chondrodite. This
bond is nearly straight with an O-H…O angle of ~170∞. Be-
cause the hydrogen atoms are located within cavities (Fig. 1),* E-mail: galager@louisville.edu

Synchrotron infrared spectroscopy of OH-chondrodite and OH-clinohumite
at high pressure

ZHENXIAN LIU,1 GEORGE A. LAGER,2,* RUSSELL J. HEMLEY,1 AND NANCY L. ROSS3

1Geophysical Laboratory, Carnegie Institution of Washington, Washington, D.C. 20015, U.S.A.
2Department of Geography and Geosciences, University of Louisville, Louisville, Kentucky 40292, U.S.A.

3Department of Geological Sciences, Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061, U.S.A.

ABSTRACT

High-pressure synchrotron infrared (IR) absorption spectra were collected at ambient temperature
for OH-chondrodite and OH-clinohumite up to 38 and 29 GPa, respectively, using argon as the pres-
sure-transmitting medium. The crystal structures of both clinohumite and chondrodite are preserved
up to the maximum pressure. However, disordering of the silicate framework appears to become more
pronounced at high pressure based on significant broadening of the IR bands with increasing pressure.
All three OH bands in both structures shift linearly to higher frequency with pressure up to 18 GPa.
Above 18 GPa, the variation of OH frequency with pressure remains linear; however, the slopes for the
three OH bands are significantly different as a result of different degrees of hydrogen bonding. The IR
results are compared to those from recent Raman studies in which water was used as the pressure-
transmitting medium.


